with the common smooth-hound, M. mustelus. it is probably limited to the eastern North atlantic and the Mediterranean Sea (compagno, 1984) . The blackspotted smooth-hound is common along Tunisian coasts, mainly in the Gulf of Gabès (central Mediterranean Sea) where it forms an important component of the multi-species catch of commercial fisheries (Bradaï et al., 2002) .
despite increasing fishing pressure, there is limited biological information available on M. punctulatus. in fact, in the recent iucN red List assessments for chondrichthyans in the Mediterranean, this species was not evaluated because the available information was considered deficient (cavanagh and Gibson, 2007) . What is known in the Mediterranean Sea about its reproduction and diet is limited to data concerning M. mediterraneus off the Gulf of Tunis (capapé and Quignard, 1977a,b) , which is considered to be synonymous of M. punctulatus (compagno, 1984) . jardas et al. (2007) provided data on the diet composition of M. punctulatus in the adriatic Sea. Limited information on the reproductive biology of M. mediterraneus was also reported from off the Senegalese coasts (capapé et al., 1996) .
Knowledge of the reproduction and development of elasmobranch fish is crucial for developing responsible management strategies. Therefore, given the need for critical life history data and the paucity of information, this study provides an opportunity for extending the knowledge of the reproductive biology and diet of this little-studied species by investigating the size at maturity, size at birth, fecundity, reproductive cycles and feeding ecology in the coastal waters of the south central Mediterranean Sea.
MaTeriaLS aNd MeThodS

Sample collection
Blackspotted smooth-hound sharks were caught by bottom trawl, longline and demersal gill-nets off the Gulf of Gabès coasts from january 2002 to december 2005, at depths between 10 and 100 m, generally on sandy bottoms, occasionally on muddy or detritic bottoms (Fig. 1 ).
Specimens were sexed and the total length (TL) measured to the nearest centimetre according to compagno (1984) . The total body mass (TM) of each individual was determined to the nearest 10 g.
clasper length was measured as the distance from the clasper tip to the pelvic girdle (collenot, 1969) . The TL and TM relationships were calculated separately for each sex.
Reproductive analyses
Males' reproductive tracts were inspected to determine the condition of the ductus deferens, seminal vesicles, testes and clasper calcification. Testes were excised from the epigonal organ and weighed to the nearest 0.1 g. The gonadosomatic index (GSi), given by the formula [(gonad mass/ total body mass) × 100], was used as an indicator of the reproductive cycle for males. The condition of the ovary, oviducal glands and uteri of females was inspected to investigate the number of mature ovarian follicles, the embryo sex ratio, litter size, embryo development, and maturity condition. The diameters of the five largest follicles in the ovary were measured with a caliper to the nearest 0.1 mm. Mean largest follicle diameter (LFd) and mean embryo length by month were compared to determine the periodicity of the female reproductive cycle. embryo zero length was assigned to the eggs in utero. only GSi and LFd values respectively of mature males and females were considered. The size at birth was determined by comparing the size of embryos close to the time of parturition with the smallest caught free-living animals.
Maturity stages were determined following a scale proposed by Stehmann (2002) and modified for this species. Males were sorted into three categories: immature (short, soft claspers, threadlike testes, straight ductus deferens); maturing (partially calcified claspers extending beyond the pelvic fins, enlarged testes, ductus deferens starting to coil) and mature (long, fully calcified claspers, enlarged testes, ductus deferens tightly coiled). Females were considered immature when they had thin, membrane-like uteri with inconspicuous oviducal glands and an ovary with indistinguishable ovarian follicles. Maturing females had enlarged ovaries, white ovarian follicles of several sizes and partly distended uteri. Mature females had widened uteri with or without visible eggs or embryos and vitellogenic ovarian follicles. The percentage of mature individuals in 2 cm intervals was calculated for both sexes. a logistic ogive was fitted to the data in order to estimate the size at which 50% of individuals were sexually mature.
Feeding analyses
Stomach contents were examined as soon as possible after capture. Preys were identified to the lowest possible taxon. The excess liquid was drained off and the remaining mass of the wet prey was determined to the nearest 0.1 g. The importance of prey was evaluated using the percentage frequency of occurrence (%F), the percentage by number (%N) and the percentage by wet mass (%M). We used these values to calculate the index of relative importance (iri): iri = %F *(%N + %M) (Pinkas et al., 1971) . The iri values were converted to a percentage following cortès (1997): %irii = 100 irii / ∑ irii.
Four arbitrarily chosen size classes of M. punctulatus were selected to assess a possible change in the diet with respect to length: young: TL<50 cm; small: 50≤TL<70; medium: 70≤TL<90 and large: TL≥90. dietary overlap between groups was determined using the Simplified Morisita index (c h ) (Krebs, 1989) :
where p ij is the proportion of prey category i (based on %iri) used by size class j, and p ik is the proportion of prey category i used by size class k. The degree of overlap was based on Langton's (1982) scale: low (0-0.29), medium (0.30-0.59) and high overlap (>0.60).
Statistical analyses
The null hypothesis of no difference between the TL and TM relationship slopes of males and females was tested after data were log 10 -transformed with the Student's t-test (Zar, 1984) . a paired sample t-test (Zar, 1984) was used to test for asymmetry between the mass of the right and left testes in males and uteri contents in females. aNoVa followed by a Tukey's post hoc test (Zar, 1984) were used to determine if there were significant differences in the reproductive variables (LFd, GSi and embryo size) by month. The relationship between maternal length and fecundity was compared using aNoVa and linear and non-linear regression (Zar, 1984) . The results are presented as a mean ± confidence interval and the significance level used for the tests was 0.05.
reSuLTS
Reproductive biology size range and maturity
Females ranged from 25 to 122 cm TL (43.75-7920 g) and males from 24.5 to 111 cm TL (39.5-3420 g) (Fig. 2) . Length-total body mass relationships of females and males were significantly different (t-test = 4.365, d.f = 297, P<0.05). Female and male curves coincide for low TL values, but over 80 cm TL females were heavier than males at a similar length (Fig. 3) . a plot of clasper length against total fish length produced the typical S-shaped curve (Fig. 4) . The elongation of the clasper rose steeply between 70 and 85 cm TL, which indicates that males mature rapidly in this range. The smallest mature male measured 76 cm and the largest immature specimen was 88.5 cm TL. 50% of males were mature at 81.4 cm TL (Fig. 5) . Females with translucent oocytes in the ovary were observed starting from 70 cm. The largest immature female was 100 cm TL and the smallest mature female was 88 cm TL. 50% of females were mature at 95.6 cm TL (Fig. 5 ).
Reproductive cycle
Male M. punctulatus have a symmetrical genital tract with two equally-developed gonads. The masses of the right and left testes were not significantly different in mature males (Paired t-test; t = 0.438, P = 0.663, d.f = 81).
The monthly GSi of mature males was high (0.98 to 1.12) between February and april, after which it decreased until it reached a minimum in june-july (0.23-0.26) before increasing steadily in the following months (Fig. 6 ). Statistical analyses showed that there were no significant changes in GSi between February, March and april, and that the May GSi was significantly different from those of april and june (aNoVa, Tukey's post hoc, P<0.05). Furthermore, mature males examined during late May had visibly atrophied testes compared to those collected in april, and their seminal vesicles were very swollen and contained a large amount of semen. This suggests that spermatogenesis begins some time after august and that the spermatozoa produced are accumulated in the seminal vesicle during May in preparation for mating.
The largest follicle diameter (LFd) increased from 5.6 to 6.2 mm in january and February to approximately 15 mm in july before declining sharply to the minimum diameter (3 mm) in august ( Fig. 7) . Statistical analyses revealed that from February, LFd changed significantly from one month to another and was larger in july (aNoVa, Tukey's post-hoc, P<0.05). Mean LFd increased subsequently to approximately 5 mm in december. Therefore, ova development appears to take approximately 12 months. Mature M. punctulatus females caught from mid-May to early june were either post-partum or pregnant with full-term embryos. Post-partum females had the largest LFd values while females which accomplished ovulation had numerous small previtellogenic follicles accompanied by one to four large atretic ova. ovulating females were observed from early july to early august while those carrying embryos were caught in September. embryos increased in size from September (3-4.6 cm TL) to March and May-june (23-30.5cm TL) of the following year (Fig. 8) . The embryo lengths in May and early june were significantly larger (aNoVa, Tukey's post-hoc, P<0.05) than in all other months. Free-swimming neonates were observed by midMay. Thus, ovulation was assumed to occur between early july and early august and parturition to last from mid-May to early june.
size at birth and fecundity
Full-term embryos (n =102) examined between 25 april and 4 june, ranged in length from 23 to 30.5 cm TL (26.74 ± 0.38 cm). Moreover, 52 free-swimming specimens that exhibited an unhealed umbilical scar on the ventral surface, which indicates that they were newborn, were observed during june. Their lengths ranged between 24.5 and 32.5 cm (28.93 ± 0.54 cm). The size at birth, therefore, most probably ranged from 24.5 to 30.5 cm TL.
The number of mature follicles ranged from 14 to 32 (20.51 ± 1.62). The relationship between the follicle number (FN) and the TL of the mother can be described by the regression: FN = 0.327*TL -12.62. a significant linear relationship was found between maternal length and follicle number (aNoVa, F 1,27 = 44.785, P<0.0001, r 2 = 0.624).
The number of embryos carried by each female ranged from 12 to 27 (18.20 ± 2.60). The relationship between the number of pups (Np) per litter and the TL of the mother can be described by the regression: Np = 0.542*TL -41.55. The litter size was significantly related to the maternal length (aNoVa, F 1,13 =19.044, P=0.00076, r 2 = 0.594).
We counted 192 embryos (98 males and 94 females) in 12 pregnant females. The overall male to female ratio in the sample was 1:1.04, which is not significantly different from a 1:1 sex ratio (χ 2 = 0.041, d.f. =1, P>0.05). on the other hand, there was no significant difference in the mean number of embryos between the left and right uteri (Paired t-test; t = 1.86, P=0.089, d.f = 11). in addition, there was no significant difference between the mean number of sexes in the same uteri (Paired t-test; t = 0.392, P=0.698, d.f = 23).
Dietary composition
a total of 133 stomachs was examined, consisting of 67 males (32.5-110 cm TL) and 66 females (30.5-121 cm TL). of the stomachs sampled, 114 contained food items. Blackspotted smooth-hound sharks consumed a wide range of prey items that belonged to seven major groups: crustaceans, teleosts, molluscs, polychaetes, sipunculids, tunicates and echinoderms (Table 1) .
Teleosts had the highest index of relative importance for the main prey items (%iri=34.02), and occurred in 48.25% of stomachs with food. This was followed by crustaceans (%iri = 28.95), which were frequently the most important prey group (%=53.51%) and were also numerically significant (%N=27.22%) ( Table 1 ). The molluscs were the third component of the diet in terms of %iri (28.18%) and were more important according to mass (%M=33.70) than number (%N=26.30). Sipunculids and polychaetes occurred in 23.68% and 18.42% respectively of the stomachs with food, and constituted a substantial portion of the diet, while echinoderms and tunicates were minor components. among teleosts, the unidentified category was the most numerous (26.30%) and frequently occurring (32.46%); the remainder came from 6 families, of which the most common was Sparidae (Table 1) . among crustaceans, unidentified crabs comprised the bulk of items in term of %F, %N and %M while, sicyonia carinata was the most numerous (%N=13.16) as a single prey species. Molluscs comprised cephalopods and gastropods and the former was more important in terms of mass (%M=29.71%) and frequency of occurrence (%F=31.58%). Most cephalopods were quantitatively significant and Octopus vulgaris occurred most plentifully as a single prey species (%M= 14.09).
Substantial differences in the diet were observed between young, small, medium and large M. punctulatus (Fig. 9) . crustaceans decreased and molluscs increased in importance as the blackspotted smooth-hound grew in size. Teleosts increased in importance from small (%iri = 15.13) to medium (%iri = 47.92), and then decreased in the large class (%iri = 26.83) (Fig. 9) .
The degree of dietary overlap was low between young and all other size classes (c h <0.24), moderate between small and medium and large (c h = 0.42; 0.5) and high between medium and large (c h = 0.75). The diet of young was more focused on crustaceans (%iri = 93.58). although crustaceans were the dominant prey in the small class, polychaetes and sipunculids constituted a substantial part of the diet. in order of importance, sipunculids (%iri = 23.19) and polychaetes (%iri = 21.35) were the second and third components of the diet of the small class. The diet of the medium class was dominated by teleosts (%iri = 47.92) while molluscs were the dominant prey groups for the large size class (%iri= 55.30) (Fig. 9 ).
diScuSSioN
Reproductive biology
off the Gulf of Gabès, captures of M. punctulatus included newborns, immatures and matures of both sexes. Males and females were found to have different length-total body mass relationships. The female and male curves for this relationship diverge at the onset of maturity, when females begin to grow larger and acquire more body cavity space, muscle and a larger liver in order to produce and accommodate large quantities of reproductive material and young (Klimley, 1987) .
Male M. punctulatus matured at a smaller size than females did and reached a smaller maximum size, which confirms the sexual dimorphism in sharks (Taniuchi et al., 1993) . Sexual dimorphism in maximum size and in size at maturity observed for M. punctulatus is common in species of the genus Mustelus (Francis and Mace, 1980; Smale and compagno, 1997; yamaguchi et al., 1997; conrath and Musick, 2002; oddone et al., 2005; Walker, 2007; Saïdi et al., 2008) and consistent with most species of shark (Lyle, 1987; Stevens and McLoughlin, 1991) .
The maximum sizes observed in the present study are considerably smaller than the 182 and 191 cm TL reported for male and female M. mediterraneus respectively off the Gulf of Tunis (capapé and Quignard, 1977a) . off the Senegalese coasts, the largest male and female M. mediterraneus measured 114 and 150 cm TL respectively (capapé et al., 1996) . off the Gulf of Tunis, male and female M. mediterraneus reached maturity at 90 and 100-120 cm TL respectively (capapé and Quignard, 1977a) . in Senegalese waters, males longer than 83 cm TL and females longer than 91 cm TL were mature (capapé et al., 1996) . Geographic variation in size at maturity and maximum size is common in sharks and reflects the plasticity of these traits (Taniuchi et al., 1993; Lombardi-carlson et al., 2003) . This suggests that local environmental conditions, latitude, or resilience to fishing, among other factors, could be important in determining maturity and maximum size of sharks (Taniuchi et al., 1993; Lombardicarlson et al., 2003) . however, the latitudinal difference between this study and the capapé and Quignard (1977a) study was not considerable. alternatively, the effect of fishing on M. punctulatus must not be ignored, and given the fishing pressure in the Gulf of Gabès it is conceivable that maximum sizes have decreased since 1977. Nevertheless, neither environmental conditions nor fishing pressure seem to able to explain the differences between the present study and capapé and Quignard (1997a) and further investigations are needed in order to understand whether the observed geographic variations are the result of phenotypic plasticity, genetic differentiation, fishing pressure or misidentification origin.
Trends in the GSi suggested that the mating season of M. punctulatus off the Gulf of Gabès occurred through late May and june. The pattern of the GSi peak in males occurring before ovulation in females observed in M. punctulatus has also been observed in other Mustelus species (Teshima, 1981; conrath and Musick, 2002; Walker, 2007; Saïdi et al., 2008) and other viviparous sharks (Lyle, 1987; Loefer and Sedberry, 2003) .
The trend of embryonic growth indicates that the full-term embryos found in May and early june result from the eggs ovulated between early july and early august. however, the maximum embryo lengths coincided with the occurrence of post-partum females, which suggests that parturition occurred from mid-May to early june. Thus, M. punctulatus off the Gulf of Gabès had an annual reproductive cycle with a gestation period of about 11 months. off the Gulf of Tunis, the gestation period for M. mediterraneus was suggested to be 12 months and parturition and ovulation occurred during May and june (capapé and Quignard, 1977a) . in Senegal, the gestation period was suggested to last 12 months and parturition and ovulation occurred during spring and summer (capapé et al., 1996) . The 12 month oocyte development and the 9 to 12 month gestation periods are common in Mustelus species (Francis and Mace, 1980; capapé, 1983; Lenanton et al., 1990; Smale and compagno, 1997; yamaguchi et al., 1997; conrath and Musick, 2002; oddone et al., 2005; Walker, 2007; Saïdi et al., 2008) . regional differences in the timing of reproductive events (parturition, ovulation, gestation) might be related to ecological conditions. The occurrence of large follicles in post-partum females indicates that vitellogenesis proceeds concurrently with gestation and that females become pregnant shortly after giving birth. Pregnant females caught at the same time all had embryos in the same development stage, which provides further evidence of a short mating and ovulation period. according to the timing of parturition and ovulation, female M. punctulatus off the Gulf of Gabès have a resting period of about one month between pregnancies. it is probable that all Mustelus species have a short resting period between pregnancies (Francis and Mace, 1980) . ovarian fecundity was higher than uterine fecundity. This is due to the fact that some fullyyolked oocytes did not ovulate and underwent atresia and that some uterine eggs failed to develop. Nondeveloping eggs were also observed in the spotted estuary smooth-hound shark M. lenticulatus (Francis and Mace, 1980) , the gummy shark M. antarcticus (Lenanton et al., 1990) , and the smooth-hound shark M. mustelus (Smale and compagno, 1997; Saïdi et al., 2008) . Positive correlations between maternal length and fecundities observed in M. punctulatus are common in Mustelus species (Francis and Mace, 1980; capapé, 1983; Lenanton et al., 1990; yamaguchi et al., 1997; conrath and Musick, 2002; Walker, 2007; Saïdi et al., 2008) .
The number of pups for the Mustelus species ranges from 1 to 31 (conrath and Musick, 2002) . The blackspotted smooth-hound falls within this range with 12 to 27 pups per litter. in this study, the mean litter size of 18.20 is consistent with the mean litter size of 16.80 reported for M. mediterraneus in the Gulf of Tunis (capapé and Quignard, 1977a) but higher than the range between 3 and 13 along the Senegalese coasts (capapé et al., 1996) .
The sex ratio of 1:1 for embryos observed in the present study is consistent with that reported for M. lenticulatus (Francis and Mace, 1980) , M. antarcticus (Walker, 2007) and a number of other viviparous shark species (Lyle, 1987; Watson and Smale, 1998) . however, a predominance of male embryos has been reported for M. mediterraneus (capapé and Quignard, 1977a) . The pattern of a 1:1 ratio of embryos between the uteri of M. punctulatus is similar to that of M. antarcticus (Walker, 2007) , M. mustelus (Saïdi et al., 2008) and triakis semifasciata (ebert and ebert, 2005) .
off the Gulf of Gabès, the size at birth for M. punctulatus appears to range from 24.5 to 30.5 cm TL. Size at birth ranged from 40 to 43 cm off the Gulf of Tunis (capapé and Quignard, 1977a) , and from 42 to 44 cm on the Senegalese coasts (capapé et al., 1996) . it is difficult to determine whether the differences observed are biological or methodological.
The disparity between the reproductive parameters of M. mediterraneus and M. punctulatus is considerable. however, the reproductive parameters of M. mediterraneus seem to resemble M. mustelus (Smale and compagno, 1997; Saïdi et al., 2008) . Given the paucity of research into M. punctulatus and the systematic confusion in the genus, a synchronous investigation that samples the Gulf of Gabès and the Gulf of Tunis is necessary to determine whether the observed differences are biological, methodological or originate in systematic confusion. Moreover, further work is required to monitor and sustain the M. punctulatus fishery in the Gulf of Gabès. information on age, growth and mortality of the species would enable demographic studies.
Dietary composition
The diet of M. punctulatus off the Gulf of Gabès was dominated by benthic and demersal preys, mainly crustaceans, teleosts and molluscs. Polychaetes and sipunculids were each ingested by over 18% of the individuals and contributed over 5% to the dietary weight of M. punctulatus and were thus a reasonably important component of the diet of this species. The mollusc component of the diet comprised mainly cephalopods. Prey species observed in the stomachs are quite common in the area where M. punctulatus specimens were collected, which suggests that this shark is an opportunistic predator that exploits diverse foods.
The diet of M. punctulatus conforms to observations reported for other Mustelus species and for the species off the adriatic Sea (jardas et al., 2007) . however, regional differences were observed among the prey species. Geographic differences in diet have been documented in the sandbar shark c. plumbeus (ellis and Musick, 2007) and starspotted smoothhound Mustelus manazo . This difference in diet is most probably due to regional habitat use, prey availability and opportunism.
Smooth-hounds of the genus Mustelus mainly ate crustaceans, although molluscs, polychaetes and teleosts may also be important (Smale and compagno, 1997; Simpfendorfer et al., 2001; Kamura and hashimoto, 2004) . however, the M. reProducTioN aNd dieT oF Mustelus Punctulatus • 257 punctulatus sampled had a high proportion of teleosts in their stomachs. an intriguing question is how M. punctulatus obtain teleosts: whether they are captured alive or scavenged. The pelagic teleost component of the diet of the Mustelus species appears to be scavenged from fisheries (Smale and compagno, 1997; Simpfendorfer et al., 2001) . however, as in both the Gulf of Gabès and the adriatic Sea, teleosts constitute a major prey for the species, it may be that this species feeds on teleosts. Nevertheless, further investigation into this link should be conducted. a comparison of the diet between size classes indicated that M. punctulatus exhibited ontogenetic changes in diet, with crustaceans decreasing and molluscs and teleosts increasing in importance with shark size. capapé and Quignard (1977b) reported similar ontogenetic dietary shifts in M. mediterraneus, with teleosts becoming more important as shark size increased. changes in dietary composition that accompany growth reflect an increased ability of sharks to consume larger preys such as teleosts and molluscs. These changes could also be related to modifications in the environmental conditions or to the energetic requirements of the animals. in the latter case, diet switching is often associated with optimisation of the energy gained from one or another type of diet (ebert, 2002) . differences in the diet of M. punctulatus due to size may be the result of different life-history stages using different habitats as a strategy to minimise competition between them. Within the species, reduced competition between adults and young would increase survivorship for the latter during the critical early stages of life. acKNoWLedGeMeNTS Thanks are expressed to the staff of the iNSTM (institut National des Scineces et Technolohgies de la Mer). We also wish to extend our thanks to Mr Béjaoui hafedh who helped proofread this paper and the anonymous reviewers for comments that greatly improved the submitted manuscript. reFereNceS
